Background: Deep brain stimulation (DBS) lead edema can be a serious, although rare, complication in the postoperative period. Of the few cases that have been reported, the range of presentation has been 33 h-120 days after surgery.
INTRODUCTION
Deep brain stimulation (DBS) is a well-established treatment option that is used for medically refractory forms of a variety of neurological disorders. [3] Postoperative lead edema is a rare imaging finding that has been described in DBS patients. Cases of lead edema have presented with onsets ranging from 33 h to 120 days postoperatively. [1, 7] 
CASE REPORT
A 75-year-old male with a 10-year history of Parkinson's disease progressively refractory to rasagiline and carbidopa-levodopa use was evaluated in our neurosurgery clinic. At the initial evaluation, the patient complained of tremors in both upper extremities, worse on the right than the left. The patient had no significant comorbidities, and the patient had passed all preoperative neuropsychological www.surgicalneurologyint.com
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testing. After a previous evaluation by his neurologist, the patient was referred for bilateral subthalamic nucleus (STN) DBS lead placement. A review of a preexisting brain subsequent magnetic resonance imaging (MRI) demonstrated no abnormal findings other than small vessel ischemic changes. Diagnostic studies did not show any contraindications to DBS lead placement.
Operative details
A Leksell Stereotactic frame was mounted on the patient's head. An O-arm ® was used to perform a stereotactic volumetric computed tomography (CT) scan of the head. ese CT images were then merged with a Stealth navigation system protocol MRI of the brain. A three-dimensional reconstruction of the images was performed to identify the locations of the anterior commissure (AC) and posterior commissure (PC). e coordinates chosen were 12 mm to the left and right of the AC-PC midpoint, 3 mm behind the AC-PC midpoint, and 4 mm below the AC-PC midpoint. e AC-PC distance was measured to be 26.87 mm. After a bifrontal incision, bilateral burr holes overlying the coronal suture were created approximately 4 cm from the midline at each side. Next, a microelectrode drive for the right side was mounted to the Leksell frame. Microelectrode recordings (MERs) were not optimal for the right side, so an O-arm CT scan was performed which showed that the electrodes were lateral and anterior to the desired target. After making appropriate adjustments, MERs were retaken. e center trajectory was used as the tract for the DBS electrode for the right side. Medtronic DBS leads (model 3387S-40) were used for both targets. e electrode was then lowered to the target on the right side and the patient exhibited improvement of his left-sided symptoms. e Leksell arc was then reconfigured for the left side coordinates and the microelectrode drive was remounted. For the left side, t he electrode in the lateral tract was used which was 0.5 mm below target. e electrode was lowered to the target and the patient exhibited improvement of his rightsided upper extremity tremor. ere were no intraoperative complications.
Postoperative course
In the recovery room, 6 h after the operation, the patient's wife noted that the patient did not seem like himself. Per nursing report, the patient only had limited responses when spoken to.
e patient was able to say his name, was moving all four of his extremities, but would not follow commands. Overall, there were only mild decreases in the patient's tremors from baseline. e patient exhibited normal vitals and remained hemodynamically stable. A CT scan of the head showed the adequate placement of the DBS electrodes at the bilateral STNs, mild extra-axial pneumocephalus along the frontal convexities, and no other intracranial abnormalities. Scheduled IV dexamethasone 6 mg every 6 h was administered for predicted cerebral edema. A MRI of the brain [ Figure 1a -c] showed mild vasogenic edema (increased FLAIR signal and increased T2 signal intensity) along the left DBS electrode at the level of the left thalamus and supra-adjacent white matter with no associated significant mass effect; no other acute abnormalities were identified, including lack of infarct on diffusion-weighted imaging.
On the postoperative day 1, the patient was noted to have limited speech and was following commands in all four extremities. He continued to be on scheduled IV dexamethasone. On the postoperative day 3, the patient's IV dexamethasone was discontinued and he was started on tapered PO methylprednisolone. On the postoperative day 6, a repeat CT of the head showed postsurgical changes and no evidence of acute intracranial abnormality. e patient's neurologic examination was improved. e patient was discharged to an acute rehabilitation center on this same day.
DISCUSSION
In itself, DBS lead edema is a rare complication of DBS surgery; in addition, we also present the earliest recorded evidence -6 h postoperatively -of symptomatic DBS lead edema after surgery. Deogaonkar et al. [1] reported eight instances of symptomatic DBS lead edema, and the earliest case was 4 days postoperatively. Englot et al. [2] published 15 instances of DBS lead edema in a retrospective review. ree of the patients in this series were symptomatic from the lead edema and the earliest recorded instance was 3 days postoperatively. In addition, single case reports have published evidence of symptomatic unilateral DBS lead edema 7 days, [4] 10 days, [5] and 33 h [7] after surgery.
Unilateral lead edema is seen more frequently than bilateral edema. [2] Various mechanisms of pathogenesis have been postulated. One proposal is immune hypersensitivity to lead components. [1] e fact that many reported cases (including the one presented herein) experience dramatic response to short-term steroid treatment supports this hypothesis. Another explanation is that the edema forms as a result of very localized venous infarction, [6] though the pattern of edema on imaging in most cases does not resemble the typical wedge-shaped lesions one would expect from such an etiology. Some have postulated that the edema results from the leads causing microhemorrhage not visible on current CT or MRI technologies. [1] Yet another hypothesis is that the edema is the result of breakdown of the blood-brain barrier and/or cerebrospinal fluid tracking from the subarachnoid space along the path of the lead into the deep white matter and nuclei targeted in DBS. [1] Perhaps, location of the DBS lead plays a role in the formation of postoperative lead edema. In three single case reports of lead edema, all were cases of STN lead placement for Parkinson's disease that experienced symptomatic lead edema. [4, 5, 7] Deogaonkar et al. reported eight cases of symptomatic lead edema, in which four were placed in the STN and four in the internal globus pallidus (GPi). [1] In Englot et al.'s review of 133 patients who had postoperative MRIs within 14 days of surgery, [2] they noted 15 cases of lead edema: 9 were placed in the STN, 4 in the GPi, and 2 in the ventral intermediate thalamic nucleus (Vim). e higher incidence of lead edema in the STN and GPi versus Vim may be related the additional use of microelectrodes during the placement of leads for STN and GPi, while at many institutions, Vim leads are placed without MER. An additional hypothesis is that autonomic dysregulation that is present in patients with Parkinson's disease may lead to local alterations in the brain parenchyma leading to edema adjacent to the leads. While this could explain the increased representation of lead edema in the STN or GPi compared to Vim, it does not explain the relatively higher number of cases caused by dystonia versus essential tremor.
In terms of treatment options, we believe that imaging is the first step whenever a postoperative patient who underwent DBS lead placement presents with neurologic deficits. A CT of the head should first be performed to rule out an acute hemorrhage. e CT should then be examined for proper positioning of the leads. If the CT is adequate and all medical (e.g., chemical, metabolic, etc.) abnormalities have been ruled out, we believe that an MRI of the brain without contrast should then be performed. We also utilize a short dose of IV decadron in patients in whom we suspect lead edema. If lead edema is on the top of the differential after imaging studies, we believe that this is a self-limiting process and can be managed conservatively without revisions of the DBS leads. e patient should be examined in the hospital with serial neurologic examinations.
CONCLUSIONS
Here, we present an unusual case of rapid-onset lead edema merely 6 h postoperatively in a 75-year-old male undergoing bilateral STN DBS placement for Parkinson's disease. DBS lead edema should be on the differential for any postoperative DBS patient experiencing symptomatic change in neurologic status. Lead edema is a poorly understood complication of DBS surgery and many hypotheses exist. Although most reported cases occur days after surgery, we report a case only 6 h postoperatively. We believe that treatment options for lead edema rely on conservative management with initial CT and MRI imaging. Recognition of lead edema can avoid unnecessary removal or revision of DBS leads.
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